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Preface

The foundation investigation for the MMW Radar Antenna Project

was authorized by the U. S. Army Engineer Division, Pacific Ocean (POD),

Honolulu, Hawaii, in TAO No. PODSP-MIL-80-19, dated 14 February 1980.

The field investigation was conducted during the period 7-15 March

1980 by Messrs. R. E. Wahl and J. L. Llopis of the Field Investigations

Group (FIG), Earthquake Engineering and Geophysics Division (EEGD),

Geotechnical Laboratory (GL), U. S. Army Engineer Waterways Experiment

Station (WES). The analysis of the data obtained was performed by

Messrs. Wahl and Llopis, under the general supervision of Mr. R. F.

Ballard, Jr., Chief, FIG; Dr. W. F. Marcuson, III, Acting Chief, EEGD;

Dr. D. C. Banks, Acting Chief, GL; and Dr. P. F. Hadala, Assistant Chief,

GL. The report was written by Messrs. Wahl and Llopis.

COL Nelson P. Conover, CE, was Commander and Director of the WE"

during the performance of this investigation and preparation of this

report. Mr. Fred R. Brown was Technical Director.

Accession For

NTIS 'P,1)&T

DTIC Tm 1
Unriah'. " ; '

F :

Djftt, . : /
' L .

A . . D



Contents

Preface ............... .............................. 1

Conversion Factors, U. S. Customary to Mctric (si)
Unius of Measurement ........ ...................... 3

Introduction ............ .. ........................... 4

The Investig-ation ......... ......................... .

Location and description of test sites .... ........... .
Test methods and calculations ....... ............... 5

Analysis and Discussion o:' Test Results.. .... .............. ..

our ace refractio'n seismic tests. ...... ..............
z'urface vibratory tests . . . . . . . . . . . . . . . . . .
Computation of" Volssonls rati ...... ............... o

Co!putation of" elastic moduli, I- and ( .... ........... ..
Grwund notioy, measurements ...... ................. ...

C7 >nclut ions .............. ............................ U

"ir ures i-5



Conversion Factors, U. S. Customary to Metric (SI)

Units of Measurement

U. S. customary units of measurement used in this report can be

converted to metric (SI) units as follows:

Multiply By To Obtain

feet 0.3048 metres

feet per second 0.3048 metres per second

feet per second squared 0.3048 metres per second squared

inches 25.4 millimetres

inches per second 25.4 millimetres per second

pounds (force) per square
inch 6894.757 pascals

pounds (mass) per cubic
foot 16.01846 kilograms per cubic metre

slugs (mass) per cubic foot 515.3788 kilograms per cubic metre



DYNAMIC FOUNDATION INVESTIGATION FOR tM1 RADAR FACILI-'Y,

ROI-NAMUJR, KWAJALEIN ATOLL, MARSHALL ISLANDS

Introduction

1. The dynamic foundation tests described herein were pe--formed

at the proposed location of the MMhW radar facility on Rol-Namur Island,

Kwajalein Atoll, Ma-shall Islands. Exploratory borings were furnisi-hed

by the U. S. Army Engineer District, Honolulu, to provide informiation on

the sut.3urface conditions. The purpose of the field investigationl was

to obtain data on the stiffness of the foundation materials at this

site as quantified by the elastic constants appropriate for small dynlamic

stress increments. S1peci fically, compression- and Rayleigh-wave (F- and

P-wave) velocities were determined from which Young's mcnoduli (1-),

Poisson's ratios (v) , and shear moduli (G) were calculated. Thoise data

are necessary for the design of founidations that require a hit-h deg ree

of stability under dynamic loading conditions.* In addition to the

foundation tests, g round motion Measurements were conducted at thle .l

site inl an attempt to ac,-certain amplitudes caused by operation of' exis-t-

ingr radar facilities inl proximity to thle site.

Thie Invest ioat.Lon

Location and descript ion of' test site-.

2. The proposed NV radar antfennla c-ite j,- located oT i uu

Island, K'waj1at cin Atc ,L L, Mlarshall 1s lands, no re spec i!ficall'- at all

an illitth of' )1 0 tet- an 1~ a dictaice of, (00 ift** from the cis.m UAV

'il Iity 1)~~. TheC 3i tti CtIi be ChaaIcteri'zed, by fain '.'lVe

tel Iail with p ii -roe , u ie;, d a -re <ot('iiei

411 1 aiat,j i Ii I I Ii-k 2- iUK .oad. 7, 1 -

I rar',t: '(



3. Boring data indicate that the soil at this site consists of

loose coral sands and topsoil silts in the upper 7 ft, which are under-

lain by medium to dense uniform coral sands extending to depths of at

least 75 ft. At the time of this investigation, the water table was

approximately 6 ft below ground surface. Occasional coral heads and

cemented lenses were also encountered in this area.

Test methods and calculations

4. The primary dynamic investigations were conducted in two

phases: surface refraction seismic and vibratory tests. Each type of

test was designed to reveal specific information relative to the physical

properties of the MMW4 foundation materials.

5. Surface refraction seismic tests.* Four refraction seismic

tests were conducted to determine P-wave velocities of the subsurface

materials. These velocities were used in conjuaction with F-wave

velocities (analorous to shear-wave (S-wave) velocities) to determine

Poisson's ratios. Data obtained from these tests consisted of time

required for a P-wave to travel from initiation at a seismic source

(sledgehammer impact) to points of' measurement (vertically @irientei

geophones spaced at 10-ft intervals). Travel times were picked to the

nearest 1/2 mresec. Data are plotted in graphic form as distance versus

travel time. The slope of the lines drawn to connect the slotted poit

indicates the velocity of the F-wave through each subsurface rieoliju" es-

countered. A change in the s];ope of the lines indicates that the ws v e

has 1-asred t hrough an inorface between _,wO 'ub ur face lyers hi

ii ','ferCnt vc iCtiCs. Th'e le"tl below the surl:co .t which th-, -

1"ace toccL's canl be cabUaltte by i ln o th Ca IS, loW jiat, 1):

v + V

* .*t~r' .. t : t:ie. A :: , '::ice', Chie'2 -f:" o s'n':ee'rs. 1, /' :. v. -.
x "ati .7 .-- ' , ,Qfn,-1, - 1 e.



where

DI = depth from surface to first interface, ft

x, = distance from seismic source to point at which first chancre
in slope occurs, 't

Vcl = P-wave velocity in first layer, fps

vc 2 = P-wave velocity in second layer, fps

6. Surface vibratory tests. Vibratory tests were conducted to

determine the velocity of surface R-waves generated by a vibrator at

controlled frequencies (F, 1110-1-1802). From this information, shear

modulus can be determined.

7. The tests were performed by positioning the vibrator at a

selected location and placing geophones in a straight line (starting at

and extending away from the vibrator) at selected intervals alons the

surface of the ground. In this application the vibrator has a 50-lb

force level within the frequency range of 15-300 Hz. The force level

drops sharply at frequencies outside of this range. The vibrator was

then operated at discrete selected frequencies with the surface h-wave

being monitored by the transducers (g~eophone nearest the vibrator served

as zero time). The time lag., referenced to the zero time -eophone, is

determined and plotted versus the respective distance:: tholt the -eophones

were from the vibrator. The R-wave velocity for the source frequency

is determined from the slope of the line obtained in the plot. &lien the

frequency and the R-wave velocity are known, a correspondin- wavelen-th

can be expressed as

whe-c

w c'- Vt city :

"" 7 7t



8.ComPutation of' shear modulus , P'oisson'ra i, hUIQ;7.

soonlus. 'ave velos),ity is dependent upon the ratio 2 theelsict

of tilt] tCIWI its m!ass, density, p , and wavt] tp.Kscroitimn

between shear : lu , and ',-wave v-elocity, v_-,1

- bb"a '1 odulus , Psi

vz= "'-wave velocity, I<vs

=mass density o', ;,,ii, y/,,5115't

y=wet unlit wrei .ht Oi' soil, PC t,

=acceleration due to gravity, lft,/sec

... cper tnce ,Vo11i.at i otis in 2apparently .'ia

with conventional methods- when it is assumied that the Ac thArth

'itedValue o Is;L- one-haltI' the len.--th of" the s'urface wave. .~

'5the com.pate %i aluie oft 6 is, consiJldered to -be 5f113 Ior i. '

9 . Thae .3- and h-wave velocities are reilated b)y PCi us- c 'I 5 mti>

Fo r Poisson's ratios ranging, from C.: to 0.5, the Aifferenre in .t 7

velocities is less than 9 percent. 'There i're, fo r patclproe

'-wav e:L can be cons i-eined to have the sore ye' cciL~ :I.s:-V~

.- ~evelcocities- can be determined svy the vibra.tory tests- ieoile.

ansnear mesul i _,an bie calculated by use oC a u tIi

1.With the aissumption that l'- tnl '-wavevt. iie ys

:>t':~n.:'"'ra Icuaei_! V . . .. '. '



11. The Young's modulus, E , can be determined by

E 2(l+v)G (6)

For design purposes, it is suggested that the values of G , v , and E

be selected as those determined for the depth at which the overburden

pressure is equal to the static surcharge pressure of the proposed struc-

ture as described in EM 1110-345-310.

Analysis and Discussion of Tests Results

Surface refraction seismic tests

12. Four refraction seismic lines (R-l through R-4) were run at

the ,%,LW site in the locations shown in Fi-ure 2. Test data from these

lines were plotted as travel time versus distance (Figures 3-6). Each

test revealed a two-layer system. The P-wave velocity of the near-su-rface

materials showed a derree of variability with velocities ranginF from

800 to 1600 fps. Depths varied from 2.8 to 7.1 ft below the rround

surface. The average velocity of these materials is 1100 4'rs and exten.4

to an average depth of about 4.5 ft. This layer correlates with "fill

coral," topsoil silts, and loose coral sands, which were revealed from

brin-s iocatel within the foundat-on rind.

1i . The second layer appears to correlate with medium-dense t

iense coral :and,; and gravels, which are "slL7hty" to imoderateiy'

-eMeited. This layer showed a very unif'orm I-wave velocity jiistrPjoti

w'th tu velocitie.s rancino from 5400 to 4.2[150 rpc; and averao-in- 5h<W

ar'raoe vibrator; tests

.1. iht vibratory lines (V-1 thr ou h V-"")) wre run in -

h1 1 rines wer-e ,osrit to r- i , '.: ok

r ill . , ! i,,

,, , : ... . <' ' ',, kw ;, or~ .-.vt /;! i t, ' ,:It . " " ,

-WC:'! 7



of material ranged from 560 to 850 fps. For depths between 4.5 and

28 ft, S-wave velocities ranged from 670 to 1000 fps.

Computation of Poisson's ratio

15. For the near-surface layer, the P-wave velocity (1600 fps)

measured at the north end of line R-2 (Figure 4) was used for the computa-

tion of Poisson's ratio because these data were collected within the

foundation ring. The results of this test show this velocity to be

applicable to a depth of 7 ft. The S-wave velocity used in this calcu-

lation was obtained from lines V-1, V-2, V-3, and V-4 (which were also

positioned within the confines of the ring), by averaging all velocities

that penetrated to depths of 7 ft or less. The average was 795 fps.

Using Equations 4 and 5, Poisson's ratio for the near-surface materials

was computed to be 0.34.

16. The computation of Poisson's ratio for the second layer was

made using the F-wave velocity of 5650 fps, which was the average true

velocity of all refraction lines for this layer. The S-wave velocity

used was the average of all velocities penetrating below 7 ft for vibra-

tory lines V-1 through V-4 (within the ring) and below 4.5 ft for lines

V-5 through V-8. The average S-wave velocity was 850 fps. Poisson's

ratio (using; Equations 4 and 5) was calculatea to have a value of 0.'9

f'or this layer.

2omoutation of elastic moduli, E and G

17. Equations 3 and 6 and a wet unit weig-ht of 110 ncf* wert u

to compute shear and Young's moduli for the Coundation materials. The

vlues were then plotted versus the approximate depth (Fi;,ure o). A<is,

presented in this figure are laborutory 7oil classifications, field

descriptions, and bl:)w c::mts for the upper i5 ft of' the '7-ft-deeji

boring B-3. Test seoults shoew that the shear molulus increases, fro

about 5,001 psi at a 1-ft d~th t ,20,Q00 :,si at 2 f "t. You'io' ,.

va-le : rm i) ,000 ps"i at a i-ft Aoptti to near',:- 00 pi at

.s api roximately three t r.; t, c ",

* Datri provided by POD.



shear modulus for a given depth. These curves agree favorably with the

data collected in 1966 by Ballard and Casagrande* "or the ALkfh Anitu-n i

site also located on Roi-Namur.

18. Since the quality of vibratory data was good and the subsur-

face condition of the second layer appears uniform to a depth of '(5 ft,

it is believed these moduli curves could be extrapolated to treater depth.

should the need arise.

Ground motion measurements

19. Measurements were made of ground motions at the M;vv1 site

with the existing radar facilities, ALTAIH and TRAI)EX, in operation.

These facilities are about 900 and 600 ft, respectively, from the site.

Ground motions (vertical particle velocities) were measured using" a

vertical g-eophone and an oscilloscope. The maximum peak-to-peak particle

velocities measured were 0.003 ips when the antennas were rotating. The

frequency of" vibration was not measured. However, after the antenna,

.;topped rotatin -, the velocity amplitudes at about this level were also

ob;erved. Since there was a significant amount of activity in this

area from vehictllar traffic, power tools, and worle-7n, the motionis c:tmfse

V ALtAIR an,i TRADEX apparently fall below 0.003 ins.

Conclusions

'20. for 'tace refraction data collected at the Mr,VR raonr site

revealed a two-layer velocity system. The P-wave velocity of the near-

:;iu'facot layer averag-ed I100 fps and extended from or-i-oun(d surCface to an

:4vera -(e Jtt of 4~. 5 f't. The s-econdi layer had ain avera!oe truzeyest'

I' ; ps- andI extendfed to unkictei-mlnod lepth:- Vi bra tory test iata

. LA.' Li it the s:heat modul us., incre'tsedi fro,)m albout 5,000 C i iieor tho

''on'ic ak value1 Of .f,050 1C),-si at ''J ftL. I' oi M- oll uz W :: l

-~v ,' t' ':s o,,i - P. ~ asan'm ''w ~r ,,: .". .! " ':[;.'o- [ U' :' i i



three times greater than the shear modulus for a iven depth. l'oisson'

ratio averaged 0.34 from a 0- to 5-ft depth and 0.i0 below 4.5 ft.

21. Measurements of ground motion were made at the I'VW site in

an attempt to see if they were induced by the ALTAIR and TRADEX radar

facilities. The lartest peak-to-peak particle velocity measured was

0.003 ips. Since this magnitude was observed with and without the

antenna rotating, it is concluded that jround motions produced by the

ALTAIR and TRADEX facilities fall below this value.
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